Phase II Calderon Process to Produce Direct Reduced Iron Research and Development Project by Calderon, Albert

DISCLAIMER
This report was prepared as an account of work sponsored by an agency of the United
States Government.  Neither the United States Government nor any agency thereof, nor
any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights.  Reference herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof.  The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States Government or any agency
thereof.
QUARTERLY TECHNICAL PROGRESS REPORT
PHASE II CALDERON PROCESS TO PRODUCE DIRECT REDUCED IRON
 RESEARCH AND DEVELOPMENT PROJECT
CALDERON ENERGY COMPANY
COOPERATIVE AGREEMENT NO. DE-FC22-95PC92638
Reporting Period: 4-01-03 to 6-30-03
Date of Report: 7-24-03;     
Phase II Award Date: 6-23-00; Anticipated Completion Date: 12-03-04
Total Project:  $ 14,732,316.00      Total DOE Share This Action:  $6,457,000.00   
Contracting Officer's Representative (COR): Carl Maronde;  
Project Director: Albert Calderon 
Assistant Project Director: Reina Calderon
Abstract
This project was initially targeted to the making of coke for blast furnaces by using
proprietary technology of Calderon in a phased approach, and Phase I was successfully
completed.  The project was then re-directed to the making of iron units.  U.S. Steel teamed
up with Calderon for a joint effort which will last 42 months to produce directly reduced iron
with the potential of converting it into molten iron or steel consistent with the Roadmap
recommendations of 1998 prepared by the Steel Industry in cooperation with the Department
of Energy. 
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Executive Summary
The commercialization path of the Calderon technology for making a feedstock for
steelmaking with assistance from DOE initially focused on making coke and work was done
which proved that the Calderon technology is capable of making good coke for hard driving
blast furnaces.  U.S. Steel which participated in such demonstration felt that the Calderon
technology would be more meaningful in lowering the costs of making steel by adapting it to
the making of iron - thus obviating the need for coke.  
The fact that U.S. Steel and Calderon teamed up to jointly work together to
demonstrate that the Calderon technology will produce in a closed system iron units from iron
concentrate (ore) and coal competitively by eliminating pelletizing, sintering, coking, blast
furnace operation and possibly doing away with the BOF and the EAF by making steel
directly, a huge reduction in CO2 generation relating to steelmaking would ensue.  Such
reduction will restructure the steel industry away from the very energy-intensive steelmaking
steps currently practiced and drastically reduce costs.  
As the tariffs imposed on steel imports will cease by 2005, the development of a
technology to lower U.S. steelmaking costs and become globally competitive is a priority of
major importance.  Therefore, the development work which Calderon is conducting presently
under this Agreement with the U.S. Department of Energy becomes more crucial than ever.
Experimental
In the “Conclusion” section of the last quarterly report (page 11), it was stated as
follows: “During the next quarter intensive efforts will continue to be applied in order to
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completely overcome the sticking problem which would lead to the achievement of the 72-
hour run at a reasonably steady state with a metallization of 80%.”
During the past quarter fourteen runs were conducted; namely, Run 112 to Run 126
inclusive of which Run 116 consisted of the 72-hour test.  The entire run lasted in excess of
91 hours of which the first 18-1/2 hours were used to attain steady state.  The cycled drums
to the reactor were marked as follows: “X”, “Y”, “A”, “B”, “C”, “D”, “E”, “F”, “G”, “H”, “I”, “J”, “K”,
“L”, “M” and “N”.  The cycled drums were fully lined with insulation and refractory material to
minimize heat loss.  The major problems related to sticking and refractories were solved.  The
72 hour test which was conducted in the week of April 28, averaged a  metallization of 72.3%,
90% of the 80% metallization goal.  The highest metallization attained to-date is 77.5%
The procedure for the collection of the processed material was to dump the contents
of cycled drums into unlined drums for shipment to U.S. Steel for evaluation.  The product of
drum “X”, “Y”, and “A” which consisted of the material produced (pre-steady state) to reach
steady state was not shipped to U.S. Steel for fear of inadvertently getting mixed with the
steady state product.  The contents of cycled drums “B, C & D”; “E, F & G”; “H, I & J”; and
“K, L, M & N” were transferred into four unlined drums and marked for shipment to U.S. Steel
Research as drum BCD; drum EFG; drum HIJ; and drum KLMN.  The total weight of the
product for testing at U.S. Steel contained in the four drums was 1808 lbs.  According to U.S.
Steel Research, the weight of the product was divided as follows: 230.71 lbs (12.76%)
marked as uncrushable; 534.79 lbs (29.57%) marked as +1/4"; and 1043.14 (57.68%) marked
as -1/4".  
From a previous chemistry test done by U.S. Steel on uncrushable product the
metallization was found to be 95.60%, with “Carbon” being at 0.022% and “Sulfur” at 0.514%.
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In the composite analyses of +1/4", the percent metallization was 75.63% and in the
composite analyses of  -1/4", the percent metallization was 61.90%.  The overall metallization
for the entire product (drum “B” through drum “N”) resulted at 72.3%; see attached Exhibit
1(a), 1(b) and 1(c).  
Results and Discussion
The results of the tests were submitted by U.S. Steel to Calderon on June 3rd and two
meetings were arranged with U.S. Steel for the 10th of June at the Monroeville Research
Center.  The first meeting was to discuss the overall program and the conceptual approach
to the next step beyond the current budget period.  The second meeting was to discuss the
details of the 72 hour test and the next step(s) to be taken towards attaining 80% minimum
metallization including the performance of a mass balance.  
The first meeting was attended by the Vice President of Research, the Director of
Research, and the Assistant Director of Research, of U.S. Steel and a team of four from
Calderon.  Calderon displayed a scale model which conceptually showed the Calderon
Technology as applied for making steel using ore concentrate and coal with the potential of
drastically reducing capital and operating expenses; see photograph #1.  The conclusion of
this first meeting was that 80% metallization be achieved and a mass balance completed as
soon as practical.  The Director also offered technical assistance to achieve this.  
The second meeting which was attended by the Director of Research and four
personnel of U.S. Steel Research who have been intimately involved in the project, focused
on details as to what has been achieved to-date, and what needs to be done in order to
achieve 80% metallization and a mass balance.  The conclusion of this second meeting led
to the following tasks:
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Task 1 - Conduct tests with high volatile coal
Task 2 - Take steps to eliminate the drum changes at the reactor in order to
prevent fluctuations of temperature during the steady state operation.
Task 3 - Conduct a test of 72 hours @ 80% metallization with two additional
tests at 80% metallization to verify repeatability.
Task 4 - Performing a mass balance.
A recommendation was made that no funds should be spent on size increase of the
reactor until the above four tasks are successfully concluded.
Task 1 - Conduct Tests with High Volatile Coal
Since the beginning of the project, the ore feed (see Exhibit 2) has been constant
whereas the coal used has been a left-over (scrap coal) from quality control tests conducted
by UEC (U.S. Steel’s coal testing laboratory) on samples taken from coal blends used at U.S.
Steel’s coke plants.  Analysis of these “scrap coals” samples were consistently submitted by
U.S. Steel’s Technical Center to Calderon.  These scrap samples generally were of mid-
volatile composition such as the one labeled #24 dated 3-24-03 (Exhibit #3) which was used
in the 72 hour test of April 28, 2003.  
In as much as the focus of the work for the past two years has been as a priority, to
develop a practice to overcome pushing problems because of sticking, mechanical de-
bugging and selection of the right refractory, no effort was expended on the selection of
suitable coal(s) for this novel process.  “Scrap coal” from UEC was accepted without
questioning its suitability.
From the results obtained to date there is an indication that there is too much carbon
left over with the product, and reduction of the ore is inadequate in order to achieve 80%
Page 5
minimum metallization.  Since the problems of sticking (pushing) and refractories have been
solved and 90% of the metallization goal achieved, it was decided to examine the suitability
of the coal for the process.  Logic concluded that an increase in volatility in the coal would
be the right direction to follow inclusive of a coal with higher reactivity as compared to the
coal blends (scrap coals) for making metallurgical coke heretofore used.  Calderon requested
from U.S. Steel Research to investigate the supply of high volatile coal to enable Calderon
to conduct tests for suitability.  U.S. Steel agreed to look into the matter.
In the meantime as a start, Calderon recoursed to a high sulfur steam coal used in
1992 in its gasification work (see Exhibit 4a and 4b).  This coal was tested but found to be
excessively re-active leading towards cave-ins in the core of the reactor.  On May 12,
Calderon received  notice (Exhibit 5) from U.S. Steel Research stating that it had located a
high volatile, high sulfur coal (37% to 39% VM) called “Maple Creek” which we could be tried
until they located a high volatile, low sulfur coal.  Two test were conducted with Maple Creek;
it was a disaster.  Despite the high volatility, the coal was very unreactive leading to
excessive coke formation in the product and high pushing problems leading to aborted runs.
On June 13, Calderon received a second notice (Exhibit 6) from U.S. Steel to the effect that
a high volatile, low sulfur coal was located at Gary, the coal being identified as “Premier
Elkhorn”.  Calderon instructed U.S. Steel to ship 20 tons of Elkhorn to its facility in Alliance,
Ohio for storage from which coal would be withdrawn, and Calderon informed U.S. Steel that
Calderon would take care of the crushing.  The Elkhorn coal was tested in part of run 126
(drum C through drum H inclusive), starting at 7:00 a.m. on the 25th of June to 5:12 p.m. on
the 26th, a period of 34 hours:12 minutes.  The pushing pressures were manageable and the
product as determined by grindability indicated that it was highly metallized, but not uniform.
Page 6
The plan is to concentrate in the use of Elkhorn since U.S. Steel can supply a coal that has
promise dependably.  Effort will be made to develop a practice for its use with the goal of
yielding a minimum metallization of 80%.
For quite sometime it has been recognized that drum change is detrimental to product
uniformity by virtue of severe heat loss during drum change especially at the reactor
discharge.  The heat loss is of such magnitude that despite high temperature of drum preheat
prior to the change, it takes between 2-1/2 hours to 3-1/2 hours to recover.  In the meantime
the product at the end of the reactor would tend to freeze resulting in excessive pushing
pressures which in turn disturb the uniform advance of the material within the reactor.  Such
disturbance causes material to be static within the reactor leading to overheating and even
melting of the ore or the product made from the ore.
Task 2 - Steps to Eliminate Drum Change
To replace the drums, a vibrating feeder which is refractory lined has been designed
and an order placed with the Webster Company of Tiffin, Ohio, to fabricate such feeder.
Vibrating feeders for high temperature are used in the handling of hot bottom ash from boilers
(see Exhibit 7).  The feeder is to be delivered by mid-August 2003.  It is estimated that it
would take about 30 additional days to make the feeder operable while it is outfitted with
refractories and a hood, and connected to the elbow of the reactor.  The plan is to start
testing again in the second half of September.
Task 3 - Conduct a Test of 72 hours @ 80% Metallization with Repeatability
As soon as the new change is in place and de-bugged, runs will be conducted towards
the achievement of the 72 hours at reasonably continuous steady state with a metallization
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of 80% minimum.  Once that stage is reached, repeatable tests will be conducted in order to
build confidence in the process.   
Task 4 - Performing a Mass Balance
This task will be conduced by U.S. Steel following a procedure which will be set by
U.S. Steel Research.
Other Activities
During the testing of the product produced in the 72 hour tests and the performance
of the mass balance, Calderon will do work in connection with the integration of the process
to a melter (arc furnace) which was recently acquired from the research department of the
former Electromelt Furnace Co., a major builder of electric arc furnaces for the steel industry.
This furnace which was used as a research tool by Electromelt was purchased for about one-
tenth of the cost of a new one.
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Conclusion
The results produced to-date (90% of the metallization goal) is very encouraging.  With
additional effort there is no reason of not reaching the goal set by U.S. Steel, namely
attaining a minimum of 80% metallization.  The extension of the contract to December 2004
by NETL, at no additional cost to the Government, is appreciated.  This extension will enable
Calderon with technical support from U.S. Steel, to develop the much needed process to
reduce the cost of making iron or steel by making use of ore concentrate and coal.
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EXHIBITS
Exhibit 1:-  Tables 1(a) thru 1(c) showing numerical values of material produced
during 72 hour test
Photograph #1:- Conceptual scale model of future commercial plant
Exhibit 2:- Analysis of iron ore used
Exhibit 3:- Analysis of scrap coal from U.S. Steel Laboratory
Exhibit 4(a):- High Volatile Matter Steam Coal
Exhibit 4(b):- First Analysis
Exhibit 5:- First communication from U.S. Steel regarding high volatile and moderate
sulfur content coal
Exhibit 6:- Second communication from U.S. Steel regarding high volatile and low
sulfur content coal
Exhibit 7:- Pictorial representations of vibrating feeding equipment for handling high
temperature material
                         Calderon DRI Sample : Operation of Apr 28, 03 (72 Hour Test)
Drum BCD Drum EFG Drum HIJ Drum KLMN
Weight, lb. % Weight, lb. % Weight, lb. % Weight, lb. %
Uncrushable 40.88 9.60 36.38 9.19 38.3 8.26 115.15 21.99
+1/4 Inch 136.78 32.13 116.31 29.39 159.87 34.50 121.83 23.26
- 1/4 Inch 248.11 58.27 243.05 61.42 265.28 57.24 286.7 54.75
Total 425.77 100.00 395.74 100.00 463.45 100.00 523.68 100.00
 
Composite
Weight, lb. %
Uncrushable 230.71 12.76
+1/4 Inch 534.79 29.57
- 1/4 Inch 1043.14 57.68
Total 1808.64 100.00
Uncrushable*                                                             *Chemistry Assumed to be that of Feb 18 Test 
Fe Total 95.60 C 0.022
Fe Met** 95.60 S 0.514
    (**assumed all metallic)
Drum BCD EFG
+ 1/4 Inch +100 Mesh -100 Mesh Composite + 1/4 Inch +100 Mesh -100 Mesh Composite
% 66.00 34.00 100.00 % 55.20 44.80 100.00
Fe Total 95.60 64.64 85.07 Fe Total 95.60 64.45 81.64
Fe Met 95.60 13.86 67.81 Fe Met 95.60 15.29 59.62
Drum HIJ KLMN
+ 1/4 Inch +100 Mesh -100 Mesh Composite + 1/4 Inch +100 Mesh -100 Mesh Composite
% 52.90 47.10 100.00 % 64.10 33.90 100.00
Fe Total 95.60 63.64 80.55 Fe Total 95.60 65.35 83.43
Fe Met 95.60 15.61 57.92 Fe Met 95.60 11.50 65.18
          Composite of All Drums
+ 1/4 Inch Fe Total Fe Met % Met
 82.60 62.47 75.63
Drum BCD EFG
- 1/4 Inch +100 Mesh -100 Mesh Composite - 1/4 Inch +100 Mesh -100 Mesh Composite
% 24.00 76.00 100.00 % 19.80 80.20 100.00
Fe Total 95.60 60.08 68.60 Fe Total 95.60 65.90 71.78
Fe Met 95.60 29.83 45.61 Fe Met 95.60 32.51 45.00
Drum HIJ KLMN
- 1/4 Inch +100 Mesh -100 Mesh Composite - 1/4 Inch +100 Mesh -100 Mesh Composite
% 31.70 68.30 100.00 % 24.70 75.30 100.00
Fe Total 95.60 61.44 72.27 Fe Total 95.60 60.93 69.49
Fe Met 95.60 22.26 45.51 Fe Met 95.60 20.56 39.09
          Composite of All Drums
- 1/4 Inch Fe Total Fe Met % Met
 70.52 43.65 61.90
Overall
Drum BCD Wt. Fraction, % Fe Total Fe Met % Met
Uncrushable 9.60 95.60 95.60 100.00
+1/4 Inch 32.13 85.07 67.81 79.71
- 1/4 Inch 58.27 68.60 45.61 66.49
Composite 100.00 76.48 57.54 75.23
Drum EFG Wt. Fraction, % Fe Total Fe Met % Met
Uncrushable 9.19 95.60 95.60 100.00
+1/4 Inch 29.39 81.64 59.62 73.03
- 1/4 Inch 61.42 71.78 45.00 62.69
Composite 100.00 76.87 53.95 70.18
Drum HIJ Wt. Fraction, % Fe Total Fe Met % Met
Uncrushable 8.26 95.60 95.60 100.00
+1/4 Inch 34.50 80.55 57.92 71.91
- 1/4 Inch 57.24 72.27 45.51 62.97
Composite 100.00 77.05 53.93 69.99
Drum KLMN Wt. Fraction, % Fe Total Fe Met % Met
Uncrushable 21.99 95.60 95.60 100.00
+1/4 Inch 23.26 83.43 65.18 78.13
- 1/4 Inch 54.75 69.49 39.09 56.25
Composite 100.00 78.47 57.59 73.38
All Drums
Wt. Fraction, % Fe Total Fe Met % Met
Drum BCD 23.54 76.48 57.54 75.24
Drum EFG 21.88 76.87 53.95 70.18
Drum HIJ 25.62 77.05 53.93 69.99
Drum KLMN 28.95 78.47 57.59 73.39
Overall 100.00 77.29 55.84 72.25
Feed Chemistries
 Moisture, % FeT, % C, % S, %
Composite   6-78 1.60 44.16 27.00 0.395
6-17 1.77 42.88 30.09 0.319
18-29 1.14 44.50 28.32 0.342
30-41 2.08 51.83 19.33 0.453
42-53 2.42 39.13 33.49 0.618
54-65 2.27 41.00 31.98 0.317
66-78 0.97 44.83 27.59 0.275
Fe Balance
No. of Pushes 55+70+70+66+50+60+70+70+70+65+70+70+40 826
Blend/Push, lb. 3.50
Tot Blend, lb 2891.00
Tot Fe Charged, lb 1256.24                       (1.60% Moisture, 44.16% Fet)
Tot Fe Recovered, lb 1387.90                       (Tot Wt. X Fet in Composite)








